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ABSTRACT
Research and application of Integrated Water Resource Management (IWRM) aims at combining the
strengths of both social and biophysical sciences to merge stakeholder preferences and negotiation
with natural resource modelling. In theory, each of these fields (biophysical modelling and social
science) should, on average, equally contribute to the resulting management or policy outcome. This
we would see as ‘optimal’. This then raises the question, whether this can be identified from reported
individual case studies. In this study, we used a data mining approach on the literature, seeking to
identify clear examples of integration of biophysical modelling and social science, the importance of
each of the components in the outcome and whether this has led to improved management and policy
outcomes.
We first did a general search on all papers in the IWRM field, followed by a subset using search terms
that combine (AND) synonyms of “biophysical modelling” and “social science”. There was qualitatively
no difference between generated word clouds (which highlight the importance ranking of words)
between the full IWRM set and the subsets.
In addition, delving into the detail, there were very few papers where both biophysical modelling and
social science approaches were equally applied, such as in participatory modelling. Even fewer
papers showed evidence that the resulting IWRM approach resulted in changes in management or
policies.
More generally, the case studies in the papers could be classified in the following three themes:
● Cases that mainly demonstrate a numerical modelling approach
● Cases that mainly reported on the social processes and stakeholder consultations in IWRM
● Cases that demonstrated an integrated modelling approach including stakeholder
involvement, but there was no evidence of integration in management or policy
Overall this suggest that there is a need for more reports on how social science, stakeholder
consultation integrates best with simulation modelling in practice and what inhibits integration of the
two fields in the practice of IWRM.
Keywords: IWRM, text mining, review, integrated modelling

1. INTRODUCTION
Integrated Water Resource Management (IWRM) remains a highly researched topic (Figure 1).
The principles of IWRM are designed to create an optimal outcome that brings together the interests
of stakeholders through application of social science and supported by biophysical science, often in
the form of simulation modelling (Giordano and Shah, 2013). In theory, this interaction strengthens the
simulation science through “reality checking” and creates better understanding of the problem at hand
with the stakeholders through the social science, and better acceptance of the simulation modelling by
stakeholders. On the average, one could expect that in an ‘optimal’ situation both elements would
about equally contribute to achieve ‘optimal’ (the best possible given the data, people and resources)
overall IWRM outcomes. If the modelling dominates, then we might have lost the stakeholders in the
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process, while if the social science dominates, is the biophysical modelling needed at all? As McNie
(2007, pp17) points out: “Useful scientific information, by definition, improves environmental decision
making [..]”. She subsequently points out that in reality this is not always the case, as often the user
needs are not met, or there is a difference in the supply of scientific information to decision makers
relative to users (McNie, 2007), which is exactly what, through use of social science, IWRM attempts
to address. Over time the IWRM approach has been lauded, criticised, adapted and changed
(Giordano and Shah, 2014; Hamilton et al. 2015; Jacobs et al. 2016; Haasnoot et al.2014), but its
popularity remains (Figure 1), because it offers a way to tackle complex problems in natural resource
management by increasing stakeholder acceptance and involvement.

Figure 1 Scopus frequency of number of papers on the topic “integrated water resource
management” in time.
Integrated assessment modelling and participatory modelling (Hamilton et al. 2015) are key tools for
achieving integrated resource management, and there have been several recent developments in this
area. Hamilton et al. (2015), in their paper, highlight that the field of integrated assessment (of which
IWRM is a subset) has now reached maturity and has developed tools, methodologies and
procedures. However, due to the complexity of many of the integrated modelling problems, occuring
at large scales and across diverse landscapes (sociologically and biophysically), the modelling either
requires detailed technical knowledge, or results in severely simplified modelling (e.g. Kirby et al.
2013). In the usual case of working with a diverse group of stakeholders, where salience, credibility
and legitimacy (McNie, 2007) of the modelling is key, this appears to results more often in the latter
than in the former. For example, Hamilton et al. (2015, p 217) points out that: “[..]models and scientific
information in general must be [..] readily accessible and understandable by its users.” From an
expert biophysical modelling point of view, these approaches might seem to ignore important sub
processes that simply cannot be captured at the scale of interest or are not seen as important by the
stakeholder group. Partly this is not a negative point, there is ample evidence that the involvement of
stakeholders and the consultation process leads to better outcomes (Hamilton et al., 2015; Jacobs et
al. 2016). However, this raises the question whether the detail in the biophysical science matters and
whether the expert is required to intervene and override certain aspects based on in-depth scientific
knowledge. Jacobs et al. (2016) point out that the costs of building sufficient capacity in the
stakeholder group can be prohibitive. Therefore applying detailed biophysical modelling by a
stakeholder group might require different tools to make the processes and outcomes clear. Moreover,
if there is a long term working relationship between a key stakeholder group and a research activity,
when are the ‘key stakeholders’ no longer key stakeholders, but part of the research team? Is the
community moving in the same direction as the ‘key stakeholders’? Finally, does the detail in the
science matter, or is this just an discussion topic to lead the social processes and achieve agreement
about important decisions? In essence, as one of the reviewers of this paper suggested: the
modellers need to assist the decision makers to understand more about the system they need to
manage, while they in turn help the modellers understand more about the system they simulate.
In this paper, we wanted to investigate if the published literature provides any clear evidence on the
integration of detailed scientific modelling and stakeholder consultation/social science. We initially use
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text mining and topic modelling to identify the main topics in the literature, after which we will highlight
specific examples in the topic areas.
2. METHODS
For this paper, we concentrated only on scopus (www.scopus.com), but the analysis can be easily
extended using a similar analysis on other platforms, such as sciencedirect or google scholar.
However, we acknowledge that this will have excluded much of the ‘practice’ grey literature that might
provide better examples. An initial search focussed on all the papers related to IWRM, "Integrated
Water Resources Management", "Integrated Water Resource Management" or "Integrated catchment
management" in the abstract, title or keywords (Table 1). The overall, general search was
subsequently searched for specifically papers that combined the term “stakeholder*” or “Social
Science” with “model simulation” or “model prediction”. These subsets were chosen to specifically
identify studies that combined model predictions or simulations (presumably biophysical, although this
is not specifically specified) with aspects of social science or stakeholder consultation, addressing
IWRM aims. Two final subsets (subset 3 & 4) were added to identify papers focussing specifically on
the terms “hydrological model” and “simulation model”.
Table 1. Keywords and reference searches used in this study
Search

Search keywords

Number of abstracts

General
search

( TITLE-ABS-KEY ( ( iwrm OR "Integrated Water
Resource* Management" OR "Integrated catchment
management" ) ) )

2166

Subset 1

AND ( TITLE-ABS-KEY ( stakeholder* AND ( prediction
OR simulation ) ) OR ( consultation AND ( prediction
OR simulation ) ) )

148

Subset 2

AND ( TITLE-ABS-KEY ( “model prediction” OR
simulation AND (Social Science ) )

164

Subset 3

AND ( TITLE-ABS-KEY ( “hydrological model”) )

129

Subset 4

AND ( TITLE-ABS-KEY ( “simulation model”) )

100

The subsets were analysed using text mining tools such as word clouds, linear discriminant analysis
(LDA) topic modelling and word pair networks. These are quantitative methods to analyse the data,
but the final interpretation of the frequency diagrams and figures is still qualitative. The quantitative
analysis was done in R using the packages tidyverse, tidytext, bibliometrix, widyr, ggraph and igraph
(Silge and Robinson, 2018; Aria and Cuccurullo, 2017).
To further support the quantitative analysis, we randomly chose 93 papers from subset 1 and read
and interpreted these papers. Specifically we classified the papers to identify those papers that
explicitly integrate biophysical modelling with stakeholder consultation, possibly supported by social
science research. To make the project repeatable, all data, scripts and documents for this project are
stored on Open Science Framework (http://doi.org/10.17605/OSF.IO/DJBSU)
3. RESULTS
The literature search resulted in 2166 papers in the overall set, and 148 papers in subset 1, and 164
papers in subset 2. This highlights that the combinations of words that we searched for are not a
regular feature in the abstracts, keywords or titles of papers in the IWRM space. They represent less
than 10% of the overall dataset. Even smaller subsets eventuated when the overall data set was
limited to the terms “hydrological model” and “simulation model”, which highlights that the majority of
the scopus derived IWRM literature is not specifically focussed on these areas.
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3.1 Quantitative text mining
The word clouds for the different sets (Figure 2) indicate that words such as “development”,”system”,
“resource” are the main terms in all the papers. While there is some qualitative difference between the
first three word clouds, there is a lot of resemblance and similarity. Words such as “prediction” or
“simulated”, suggesting the use of this type of analysis, which were in the search term for subset 1
and 2 do not feature in the first three word clouds. Even the subset (4) specifically selected on
“simulation model” does not feature any words suggesting the output of a simulation model is actually
used. The word cloud for subset 3 was similar and not shown.

Figure 2: Word clouds for the general search (top left, with minimum word frequency of 250) and
subset 1 (top right, with minimum word frequency of 25), subset 2 (bottom left, with minimum word
frequency of 25), and subset 4 (bottom right, with minimum word frequency of 25)
This result might suggest two things. The first is that authors in the IWRM field tend to use certain
words very frequently and other words much less frequent. To look at this more closely, we
constructed networks of word pairs (Silge and Robinson, 2018), which highlight not just the most
common words, but also the most common combinations in the text (Figure 3). Again, very few word
pair combinations suggest the use of model simulation output in the text. The most frequent word
pairs suggest a more conceptual terminology, such as development support, or sustainable
development. The word model is coupled with results in the word pairs, but much less frequent
(thinner lines) than with other terms. The term “model” is strongly coupled to “decision” in subset 2
(thick line), but since we cannot determine what type of model is talked about in the diagrams this is
not a conclusive result. However it suggests that models and decision making are coupled.
Finally the topic modelling using LDA gave very little separation in topics for the general scopus set.
We tested 5, 10, 15, 20, 30, 50, 100 topics, but all of these showed very little separation and were

Vervoort and Pierce / Examples of ‘optimal’ integration in the IWRM field

similar (gamma analysis not shown, where gamma indicates the probability that a word belongs to a
specific topic, Silge and Robinson, 2018), so we are presenting 10 topics here. Subsets 1 and 2 were
more separate (Figure 4, only subset 2 shown), but again we can see that conceptual terms around
systems modelling, development, processes, approaches dominate. In subset 2, only topic 2 is clearly
different, indicating a more direct focus on biophysical processes. However, none of the topics
appears to present the mixture of topics that we generally associate with IWRM. Looking at subset 3
and 4, a much more distinct topic separation occurs (results from subset 3 and gamma analysis,
indicating the probabilities that words belong to topics, not shown), but the topics now appear to be
mainly modelling terms (Figure 4), and words around development, stakeholders, or consultation
framework, which appear in the other sets, disappear. This is partly logical as the subset is specifically
selected on “simulation modelling”.

Figure 3: Word pair networks for the general search (top left, with minimum word pair frequency of
175) and subset 1 (top right, with minimum word pair frequency of 25).
3.2 Classic interpretative literature review
From the 93 papers that were reviewed in more detail, only 13 were classified as “strongly integrated”
(Table 2). This means that these 13 papers show specific examples of integration of biophysical
modelling with stakeholder consultation, and possible integration into decision making. However, 80
papers were either papers that focussed on the modelling approach (model calibration or model
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descriptions or model scenario runs) (e.g. Soboll et al. 2011, Figure 2 bottom right), or where papers
that focused primarily on the stakeholder process, and described this in detail, sometimes combined
with detailed social science (e.g. Zhou and Mayer, 2018, Figure 3 and Figure 4 top).

Figure 4: Topic modelling results for subset 2 (top) and subset 4 (bottom)
Digging deeper into the “strongly integrated” dataset, the biophysical models used in the integrating
papers are mostly fairly simple, and models such as WEAP and AQUATOOL dominate the field. Most
of the examples of more complex models fall under the “little evidence of integration” category, as the
paper generally focuses on the model, rather than on the integration in IWRM. This might be simply a
reflection of the journal preferences, the publication process and the preference of the publishing
researcher.
However, sometimes a complex model is not needed in IWRm to achieve good outcomes. A very nice
example of IWRM in action, but using a very simple hydrological model (an Excel spreadsheet), is
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from Hawaii (Bassi et al. 2015). In this case study, the model was mainly used to facilitate discussion
and led to change in management.
Table 2: Classification of 93 papers from subset 1, that were read in more detail for this study
Number of
papers

Classification

13

“Strong
integration”

80

“Little evidence
of integration”

Example paper
Voinov and Gaddis (2008): this paper describes several case
studies in which stakeholder input into biophysical modelling,
mostly simple biophysical models, have been used to drive
management or policy
Soboll et al. (2011): a description of the complex GLOWA-Danube
model and framework, which includes social and agent based
models, but does not directly rely on stakeholder consultation for
scenario development

4. DISCUSSION
From the quantitative analysis of the abstracts in the IWRM field, there seems to be limited evidence
of research that strongly integrates quantitative biophysical modelling with social science or
stakeholder involvement. In fact, the LDA analysis suggests that essentially there is no real separation
between the papers, most papers in the IWRM topic area highlight similar topics. However, this
analysis only looked at abstracts and also focussed only on peer reviewed “scopus indexed” papers.
As a result it has ignored most grey literature, which could be important in an applied field. Expanding
the analysis to wider web searches might offer a different picture. However it could of course be that
as authors we tend to write similar abstracts.
Most of the models that do demonstrate integration of models with stakeholder consultation, use quite
limited complexity models (in terms of the description of the biophysical or catchment system). Partly
this would be due to the fact that there is a significant investment needed to allow stakeholders to
understand complex models (Jacobs et al. 2016). Clearly IWRM is popular in development studies, as
is highlighted by the quantitative analysis (Figure 2 - 4), and this might be one explanation why there
are limited studies which integrate complex “state of the art” models. Simply put, in those areas where
IWRM is most needed, the data to drive a complex model is not likely to be available. However
another point is highlighted by Zhou and Mayer (2018). In their analysis of responses of decision
makers on the usefulness of models, simulation or games in IWRM, there is a clear indication that
most see stakeholder consultation as more important and that models don’t need to be necessary
complex. In fact, the focus appears to be on the need for better visualisation tools, rather than on the
actual representation of systems in simulation tools (Zhou and Mayer, 2018). It is also true that there
is limited room in a journal or conference paper (in addition to editorial or journal guidelines), and
concentrating on one aspect of an overall project could be more productive. This can also explain the
skewed text mining results. The example of Soboll et al. (2011) highlighted in Table 2, describes a
complex model with detailed modelling of actors, but there seems to be little connection to
stakeholder research. However, if papers are focused, papers that link the published modelling work
with the stakeholder consultation work would also appear, and there is little evidence of this. The
exception is the specific group of papers around “modelling with stakeholders” (e.g. Voinov and
Gaddis, 2008), which probably gives the best example of what IWRM aspires.
However, the question whether the detail in the biophysical science matters in IWRM remains. If
complex “state of the art” models are just too cumbersome (in terms of data and training) for
application IWRM, should we invest in creating more accessible models, or in more training, result
presentation and visualisation? Or is the social interaction and negotiation in light of deep uncertainty
more important? As the modelling cannot go beyond the data that is available and we need and
innovative ways of dealing with data, models and uncertainty (Haasnoot et al. 2014). This means that
in many cases, more complex models and reduced uncertainty are just not achievable.
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Should an expert involved in IWRM intervene and override social decision making based on in-depth
scientific knowledge? This probably means the modelling and science is not fully understood by the
participants and needs to be re-explained. Or alternatively some of the participants beliefs and views
have not been captured and understood by the science expert and this needs to be clarified. In both
cases, the fact that there is a need to consider intervening at the science end should be an indication
that the social process has somewhere missed a step. The suggestions around improvements in
visualisation (Zhou and Mayer, 2018), point to the fact that making science comprehensible by all
involved remains a challenge and should be the focus in this field.
5. CONCLUSIONS
This review suggests that there are limited “peer reviewed scopus indexed papers” that indicate
strong integration of simulation modelling and stakeholder consultation in IWRM. This is partly
explainable as detailed data is often not available, in the areas where IWRM is most needed, and
uncertainty and deep uncertainty rule. Alternatively, the costs of training stakeholders in complex
modelling could be prohibitive. As a result, the few examples of strong integration between
stakeholder consultation and biophysical modeling is generally based on low complexity model
descriptions of the biophysical system. Improved data presentation and data visualisation to make
model results more accessible therefore remains a necessity.
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